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握相图和热力学信息。本论文基于计算相图的 CALPHAD 方法，对 Th-X (X: Ni, 
Ti, V, Hf, In, Sn, Si），U-X (X: Ni, Ti, V）和 Pu-X (X: Ti, V, Si）各二元系的相图
以及 Me-Ti-Zr (Me: Th, U, Pu）三元系和 U-Pu-Zr-Ti 四元系的相图进行了热力学
优化与计算，并在此基础上建立核材料的热力学数据库，主要研究工作如下： 
(1) 系统收集、整理和分析了 Th-X (X: Ni, V, Ti, Hf, In, Sn, Si）各二元系的热力
学信息和实验相图数据，首次优化与计算了 Th-X (X: Ni, V, Ti, Hf, In, Sn, Si) 共
计七个二元系的相图，并与实验信息取得了良好的一致性。 
(2) 系统收集、整理和分析了 U-X（X: Ni, Ti, V）和 Pu-X（X: Ti, V, Si）各二元
系的热力学信息和实验相图数据，首次优化与计算了 U-X（X: Ni, Ti, V）和 Pu-X
（X: Ti, V, Si）共计六个二元系的相图，并与实验信息取得了良好的一致性。 
(3) 基于文献报道和本论文计算得到的 Th-X, U-X, Pu-X 各二元系的热力学参
数，根据已有的实验相图信息，首次优化与计算了 Me-Ti-Zr (Me: Th, U, Pu）各
三元系的相平衡。计算结果与实验信息吻合良好。 
(4) 基于文献报道和本论文计算得到的 Me-Ti-Zr (Me: Th, U, Pu）各三元系的热
力学参数，首次外推计算了 U-Pu-Zr-Ti 四元系的相平衡，为该类核燃料的合金
设计提供了重要的理论指导。 
本研究的研究成果与本实验室有关 U 基和 Th 基核材料的热力学计算结果有
机结合，系统的探索了相图计算在核材料设计中的应用，初步建立了 U, Th, Pu
基核材料的热力学数据库，为新型核材料的设计和开发提供重要的理论指导。 
 



















Nuclear energy is an important kind of new energy, and nuclear materials are an 
important guarantee for the secure and highly efficient operation of the nuclear actors. 
However, due to the rigorous restriction of the experimental conditions for the nuclear 
material, the traditional trial and error method is not useful for the investigation of the 
nuclear materials.  
In order to design high-performance nuclear materials, knowledge of phase 
diagrams and thermodynamic data of the involved systems are crucially necessary. In 
this paper, the calculations of phase diagrams (CALPHAD) in the Th-X (X: Ni, Ti, V, 
Hf, In, Sn, Si) and U-X (X: Ni, Ti, V) and Pu-X (X: Ti, V, Si) systems are carried out, 
and the thermodynamic database into nuclear material systems is developed, The 
results is described as follows. 
(1) Thermodynamic description of the Th-X (X: Ni, Ti, V, Hf, In, Sn, Si) binary 
systems were firstly optimized by using the CALPHAD method based on critically 
evaluated experimental data. Calculated results were in good agreement with the 
available experimental data. 
(2) Thermodynamic description of the U-X (X: Ni, Ti, V) and Pu-X (X: Ti, V, Si) 
binary systems were firstly optimized by using the CALPHAD method based on 
critically evaluated experimental data. Calculated results from the obtained 
thermodynamic parameters were in good agreement with the available experimental 
data. 
(3) Based on the parameters optimized in this work and literature in the U-X and 
Th-X and Pu-X binary systems, the Me-Ti-Zr (Me: Th, U, Pu) ternary system was 
thermodynamicly assessed based on the experimental data. The calculated phase 
equilibria and thermodynamic properties were in good agreement with the 
experimental data. 














Th, U, Pu) ternary systems, the phase equilibrium U-Pu-Zr-Ti quarternary system was 
firstly calculated. 
The partial thermodynamic database of (U, Th, Pu)-based nuclear material system 
was successfully developed on the basis of the present work and previous reports, 
which will provide powerful guide on the design of the new nuclear materials. 
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